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Transformer oils

Mineral oil based transformer oils :

- classical, unadditivated transformer oils

base oil

- Qils with Inhibitors, e.g. good oxidation stability

mineral oil synth. oil
Synthetic transformer oils : Parafin based Polyglycole (PG)
y Naphten based Polyalphansltseﬁrne (70)
- Silicon ol
- synthetic ester

Why using synthetic transformer oils (Esters)?

- Higher thermal stability - Transformers smaller and more compact
- Mineral oil (¢ = 2.2); polarities of cellulose (¢ = 5.1) = most water in the cellulose

- Esters (¢ = 3.3) have a significantly higher water dissolving power due to their
molecular polar structure than mineral oil

- Mineral oil: 44 ppmH,0at20° C
= Ester: 2700 ppm H,0at20° C
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We need :

- alow dissipation factor tan §
- a high breakdown voltage

- an excellent resistance to aging
- very good cold flow ability

- good corrosion protection properties
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Insufficient maintenance bf)

Disaster waiting to happen!
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Model humidity in HV transformers

Temperature Humidity High-Voltage

BDV Tan delta

|

Cellulose isolated
Transformer Coil

b2 electronic gmbh
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Water droplet @

- Water reduces the dielectrical strength (breakdown voltage) of the oil.
*  Which can result in a discharge
» rises the temperature locally and evaporates the water

+ Due to the gas bubble (containing a mix of H,0O, H,, O), the 10
dielectrical strength is lowered further.

* H, gets solved into the transformer oil. D2 Slerireste onth
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Where does the water come from?
New transformers:
 Improper or inadequate drying

+ Improper installation

« Inadequate drying of new oil.

In service units:
 Leaks

- defective breathers

» Maintenance
11

« ageing of insulation
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The solid insulation in a transformer, paper, pressboard, wood etc.
are cellulose.

CH,OH CH,OH

A A

CH,0H CH,0H

The Cellulose molecule consists of a “chain” of Glucose rings. As the
cellulose ages, it polymerises - It loses rings and becomes weaker - the
amount of deterioration is known as the Degree of Polymerisation.
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Photo macrograph (250 x) of new Kraft Paper

Fibres clear and undamaged =,

_4

Qil flow through the windings, passes
Through the paper insulation, cooling
The conductor and removing heat.

Acidity level of oil 0.03mgKOH/gm

From aged transformer. Surface coated. °°""“\°‘°‘ .5'/“““

N

L 0il flow

Acidity level of oil 0.3mgKOH/grﬁ

Once sludge forms in and on the paper insulation it forms a barrier preventing the Fluid from penetrating the paper insulation
and removing heat from the conductor. At the same time the sludge attacks the paper insulation accelerating deterioration.

The problem

Existing techniques start working
after the gas formation >
after damage is done

Sound

Start of
degradation

Temperature

Smoke
Emission

Transformer condition

[Pl Time
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Transformer oil ages over time 9,
2t =

Cadl Acid Buchholtz
Emergency sto
generation  Sensor ".‘ 9 y P

Existing techniques start working
after the gas formation >
after damage is done

Sound

Temperature

Smoke
Emission

Transformer condition

et B

| [Pilre Time
® [ -
S ——
o=
-
Needs a certain amount of
< No detection! dissolved gases to indicate 15

a change.
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0ilQSens® provides an advanced warning time

Acid  Buchholtz
generation Sensor

QilQSens Sound
.\‘

rt of

dation Temperature

DGA

Smoke
Emission

Transformer condition

— Time

\

—

- 0ilQSens® can help to identify the critical units of the transformer fleet

- SmartSentry® can help to keep the transformer fleet in a healthy condition

Comparison online:
OilQSens®, Water, tan delta, break down voltage

Moisture Tan delta

Detection 0ilQSens®
meter meter

Water Activity
(estimated)

Tan delta
(calculated)

Break down voltage
(estimated)

Conductivity &
relative permittivity (measured)

Damage prevention

SISKK L
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Measurements and Calculations ’)
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Values of interest: Source values:
— Dissipation factor tan & * - electrical conductivity «
— Breakthrough voltage estimation and trending — relative permittivity &,

— Humidity estimation and trending — temperature T

— Temperature compensation of
all measured values

o Highest precision due to
innovative measurement
method.

o Adaptive temperature
compensation algorithm is
running in the background.

o Highly encrypted data
transfer to server.

K

(*) tand = P
w 19
&, = dielectric constant
w = 2nf = angular frequency b2 electonic grh

Sensitivity: electrical conductivity k 9,
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0ilQSens® combines an excellent high sensitivity
with low noise and a broad detection range!

non-conductor semiconductor conductor p [Qm)

0ilQSens® range
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Basic sensor concept

Iex e
IRX,\’ S High-Voltage
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A direct measurement of AC observables (RC circuit) is inaccurate:

Oil has a very high resistance R (several GQ), and a very low capacity C

which , which |

is necessary to follow the effects in oil. [l 111 _ll |l B .
LRl 00 o ¢

0ilQSens® approach: « and ¢, are determined by a precise time i i
measurement with a very high accuracy and repeatability based on an uy, »Mlﬂl 1ol T 1ol T
integrating measurement technique with a high time/bandwidth product. : 3
-l |\ -‘
B

21

b2 electronic gmbh

Temperature dependency of k and ¢, ’)

Y
High-Voltage

Increase of temperature results in

=
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B
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Adaptive temperature compensation of k¥ and ¢, based
on neuronal network
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*Gaussian least squares method with risk function
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The measured values
— after temperature compensation

High-Voltage

The conductivity k of the oil X
increases with temperature. - .-’“"
The type of pollution and its {\ N
temperature  dependence ¥ / \ .'ﬁ"'a | \ )
cannot be assumed to be =l g .’I \ \ (Y / \
: Y i
: | I| | f flI fl _E

the self-learning adaptive
temperature compensation
algorithm is working .... T e . 3

known. i
: f J'I_ ] 'I ﬁk i
Here we see how efficient ”' = ff"'t@fr \—
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Without adaptive temperature compensation of
kande,... ’>
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... no reliable statement is possible!
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Laboratory measurements

Loss factor tan delta

Comparison with 3™ party device

of different transformer oils

26
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Loss factor tan delta - OilQSens®

‘Conduscthvity i ws. Fempserature T Relative permitthity c, vs. Temperature T

£ : R
i : e
g, \\‘x
i
e
Loss factor tan & vs. Temperature
@
Measurement time per Sample : e
10 min -
Continuous data sampling of: T
Txetand | TOEEIT LA
Loss factor tan delta - Comparison
Loss factor tan 3 of different insulation oils
measured with offline system and OilQSens
008
05 :
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& . Mean deviation < 4.2 %
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Relative permittivity - Comparison b)
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Relative permittivity ¢, of different insulation oils
measured with offline system and OilQSens
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OilQSens® provides online process ’>
control in oil regeneration plants Higholioge

« Identical parameters can be used to monitor the invers process:
« Purification / filtration effect is directly correlated to ¢, , k and tan &
* Reduced number of laboratory oil samples

b2 electronic gmbh

oY
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filtration
purification

vacuum drying

Purification / filtration
effect is directly correlated
tog,,kandtand

Reduced number of
laboratory oil samples

b2 electronic gmbh
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Loss factor tan 6 vs. time ’)
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Loss factor tan & [@ T=40C]

0,005
0005 |

0,004 |

e

Loss factor tan &
g
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-
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=
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0000 |
Time/h

B Measured OilQSens @ 40° C

Loss factor tan §: tan§ =

2 ol gmbh
STS()(J) b2 electronie gm

Loss factor tan & vs. time ’)
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Loss factor tan & [@ T = 90°C]

0,020

005

0,010 +

Loss factor tan &

0,005 -

Good agreement with laboratory measurements
o 1) 100 150 it}
Time/h

B Compensated OilQSens @ 90° C
Hl Laboratory offline device @ 90° C B2 elecenic grbh

Loss factor tan 6: tané§ =
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Online Regeneration & Oil Condition Monitoring
High Voltage Transformer Protection

—— Moisture (ppm) SmartSentry

25

Boisture [ppm)

fan-16  Fobl6  Marlé  Aprlé  Mayl6

—acid (mgkOH/g]
Malecular Seive

Online oil condition measurement

g
Permanent purification & o
dehydreation 24 / 7 / 365 fom o

Jan-16  Feb-l6  Marl6  Aprelé  Mapls

Key technology — Adsorbents.

Low cost, online, oil conditioning unit.
It offers a improvement over conventional oil regeneration and recovery systems.
Ideal system to fit to new transformers to prevent moisture build up.

It can also be used on older transformers to restore the insulation.

— = Moisture (ppm) Molecular sieve
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Fitment and flow ’>
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High Voltage transformer -

7X

|
|
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Advantage of an on online purification system with oil monitoring ‘ ’

High-Voltage

The water is
absorbed in
the online
purification

Y . system.

:
\
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Installations

ﬂ' Passive, no pump required.

'

f ' Controls:

* Moisture
~ « Acids
* Dissolved sludge

Fitted to a 30 MVA

CMS Server-Interface via Internet Browser
REMOTE ACCESS 24 /7

Scmsordata SN VII-0Q-0118

oX
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Thanks for your attention! Questions?
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juergen.jakober@b2hv.at

b2 electronic gmbh

Jurgen Jakober




